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ABSTRACT. This research aims st improving most steps involved in the ATD/R
process, starting with preprocessing, including denoising, segmentation, background
and clutter removal and followed by festure extraction and definition to enhance the
classification and recognition process. These steps are dircetly tied to fast numerical
algorithms whose purpose is ta enable real time ATD/R. The toolkit developed in
this project is currently being successfully used by Marlin Marietta to cnhance their
Radar return ATR and by Hughes Hesearch Labs for Fast Radar return simulations.

1. Objectives

The purpose of the project was to explore and develop an Adapted Waveform
Analysis toolkit for ameliorating the processing steps involved in ATR, cither by
accelerating the computation or by providing new means of analysis end modeling,
as well as for extracting features and classification.

AWA extends Fourier analysis to a broader collection of waveforms (with better
time frequency localizations), where the choice of waveforms for analysis (or appro-
priate orthonormal basis) is made automatically by 2 measurc of fit between the
class of targets and the corresponding waveforms.

These methods have already been successfully tested on Radar data, and need
to be modified and adapted to other classes of sensors. The waveform used in af-
dapted waveform analysis consist (in the high frequency case) of various libraries
of orthonormal bases of localized trigonometric polynomials, or specific exponential

sums (as arising in the Fast Multipole method for Helmholtz equation). And in the

Key words and phrases, Adapted Waveform Analysis for ATD/R, sutomstic feature extruc-
tion, fast numerical algorithms..
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low frequency case of libraries and wavelets and wavelet-packets, again correspond-

ing to multipoles for Laplaces equation.

2. Results

The methodology for sutomatic feature extruction for classification and regres-
sion developed by Coifman and Saito has been incorporated into an ATR Diagnostic
toolkit enabling interactive data based adaptation of the features to the classifier
cnvironment, this is currently being tested and used by various teams including the
Lockheed Martin Radar group.

Fast algorithms for electromagnetic waveform compression and for scattering
simulations have been substantially improved. New libraries of orthonormal bases
with directionzl frequency scnsitivity (brushlets) have been invented for processing

SAR data, as well as for texture discrimination.

3. Accomplishments

We have developed a toolkit for AUTOMATIC diagnostic feature extraction, in
which the feature selected for classification are optimized for optimal separation and
parameter estimation. These methods have been applied and validated on Radar
ccturns from Lockheed Martin, as well as on a variety of other sensor data.

Methods for automatic feature selection end definition have been developed.

A toolkit for Image denoising and enhancement was devcloped in which the image
is modeled by a rudimentary musical transcription, permitting a rough model of
noise and clutter and providing separation. These methods have been applied and
validated on audio, images and video allowing for separation of image from speckle
in SAR data and substantial enhancement of N MR videos. Our feature selection
toolkit hes been successfully velidated by a Martin Marietta team for Redar returns

'ATR.

Our algorithms for fast computation of Electromagactic Scattcring have demon-
strated their capability in breaking the EM logjam, they have been converted into
engineering code by Hughes Research Lab, as well as by Boeing Corp.
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